Pulsed ELDOR spectroscopy of the Mo(V)/Fe(III) state of sulfite oxidase prepared by one-electron reduction with Ti(III) citrate.
The titration of chicken liver sulfite oxidase (SO) with the one-electron reductant Ti(III) citrate, at pH 7.0, results in nearly quantitative selective reduction of the Mo(VI) center to Mo(V), while the b-type heme center remains in the fully oxidized Fe(III) state. The selective reduction of the Mo(VI/V) couple has been established from electronic and EPR spectra. The electronic spectrum of the Fe(III) heme center is essentially unchanged during the titration, and the continuous wave (CW)-EPR spectrum shows the appearance of the well-known Mo(V) signal due to the low pH ( lpH) form of SO. Further confirmation of the selective formation of the Mo(V)/Fe(III) form of SO is provided by the approximately 1:1 ratio of the integrated intensities of the Mo(V) and low-spin Fe(III) EPR signals after addition of one equivalent of Ti(III). The selective generation of the Mo(V)/Fe(III) form of SO is unexpected, considering that previous microcoulometry and flash photolysis investigations have indicated that the Mo(VI/V) and Fe(III/II) couples of SO have similar reduction potentials at pH 7. The nearly quantitative preparation of the one-electron reduced Mo(V)/Fe(III) form of SO by reduction with Ti(III) has enabled the interaction between these two paramagnetic metal centers, which are linked by a flexible loop with no secondary structure, to be investigated for the first time by variable-frequency pulsed electron-electron double resonance (ELDOR) spectroscopy. The ELDOR kinetics were obtained from frozen solutions at 4.2 K at several microwave frequencies by pumping on the narrow Mo(V) signal and observing the effect on the Fe(III) primary echo at both higher and lower frequencies within the microwave C-band region. The ELDOR data indicate that freezing the solution of one-electron reduced SO produces localized regions where the concentration of SO approaches that in the crystal structure, which results in the interpair interactions being the dominant dipolar interaction. However, thorough analysis of the ELDOR decay curves and simulations suggests a distribution of intramolecular Mo...Fe distances, consistent with the proposal of multiple conformations in solution for the flexible loop that connects the Mo and heme domains of SO.